The aim of this study was to determine the changes in glycosinolate levels that may arise from cross pollination in the advanced generations in rapeseed. With the greenhouse conditions in addition to two different locations, this study was carried out in 3 locations with two varieties and repeated for 3 years. As a result, the changes in glycosinolate levels in the advanced generations were statistically significant. Although, the increase in the amount of gluconinolate appeared in the 2nd and 3rd generations, it remained below 20 µmol/g.
INTRODUCTION
Oilseed rape (Brassica napus) is an important oilseed crop in most countries and is cultivated for food, feed and non-food uses such as biofuels (Delourme et al., 2013) . Rapeseed, is in the third place in the world oil seed production, and mustard cover many species that belong to the Brassiceae family. Brassica species are important oil crops and several species are cultivated worldwide. Brassica juncea, Brassica napus and Brassica campestris are three widely cultivated species (Alan et al., 2014) . It is possible to introgress genetic diversity and specific traits into B. napus canola from its progenitor species, B. oleracea and B. rapa (Bennett et al., 2012) .
Glucosinolates are secondary metabolites which are sulphur containing are biosynthesized by plant species in the order Brassicales (Zelmer et al., 2013) . Change in glucosinolate content is principally under control of procreative developmental stages (Bhushan et al., 2013) . Actual levels of total glucosinolates depend on variety and range from as low as 25 and up to 200 µmol/gram of rapeseed meal (Mavromichalis, 2013) . The glucosinolates were reduced due to their negative impact on palatability and toxic effects in many livestock species (Canola Council of Canada, 2015) . Canola meal must contain less than 30 µmoles of glucosinolates (Parsons et al., 2016) . Breeding has been successful in reducing the glucosinolate content in meal (Savary, 2013) . Canola is the genetically improved rapeseed that contains less than 30 µmoles per gram glucosinolates of seed dry matter *Corresponding author. E-mail: selim@omu.edu.tr. Rapeseed is a self-pollinated crop; however, it has a 12to 47% outcrossing rate (Williams et al., 1986; Becker et al., 1992) . Beckie et al. (2003) identified the gene flow between commercial areas of varieties with different herbicide resistance properties by evaluating the gene flow data of B. napus. Many factors affect outcrossing between plants in fields, these are size of lands, plants fertility, environmental conditions and activity of insect pollinators (Biology Document BIO2007-0, 2012 . Several insect pollinators visit canola, especially the honeybee which is one of the most efficient pollinator (Sayed and Teilep, 2013; Mahmoud and Shebl, 2014) . Therefore, even if rapeseed cultivation is initiated in an area with "00" type (new type) varieties, using the same seed every year may cause cross pollination with the wild species or with other rapeseed varieties previously cultivated or still being cultivated in the region and lead to changes in the glycosinolate levels. Genetic differences were observed among F2 progenies of B. napus/B. campestris and their parents (Fayyaz et al., 2014) . In the developed synthetic varieties, the decrease in the yield is lower than that in the hybrids. Therefore, it is possible for the producer to use it for several generations without changing the seed. In the case of deterioration in the quality of the seed in terms of the increase in glycosinolate as a result of outcrossing, the pulp obtained from the produced rapeseed will not be suitable for animal health.
There are abundant amounts of related species of rapeseed (cabbage and turnip) in the Çarşamba and Bafra Plains which have the potential to produce rapeseed in a wide area. It is important to determine whether the changes in glycosinolate levels formed in rapeseeds cultivated in regions where cake and turnip are abundant as a result of indehiscence or natural cross pollination with close-relative varieties reach a level that will threaten the animal health. This study was carried out to investigate whether there is a change in the amount of glycosinolate in advanced generations of rapeseed varieties produced under natural conditions.
MATERIALS AND METHODS
In this study, French originated Bristol synthetic variety and German originated Licrown synthetic variety were used as the materials.
A three-year research was carried out to achieve the aim of the study. The field phase of this three-year study covers the preparation of the material to be tested. The seed production phase of the study was carried out at three different locations. Two of these locations were at the field, whereas one of them was carried out at the greenhouse. Çarşamba and Bafra districts at Samsun city in Turkey, which have a wide range of rapeseed cultivation areas, were selected as the location of the field studies.
The research area soil in Bafra contains middle calcareous (3.9%), unsalted (0.017%), very high phosphorus (19.00 kg/da), middle clay (60%) and organic matter is less (1.70%). The Bafra district has a semi-arid climate with annual average minimum and maximum temperatures of 10.3 and 18.3°C, relative humidity of 74.8% and annual rainfall of 737.4 mm.
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The research area soil in Çarşamba has middle clay (44%), mild alkalinity (pH 7.88), medium calcareous (10.50%) and salt-free (0.43%). Phosphorus content is high (16.35 kg/da) and organic matter is low (1.71%). The average annual total precipitation, temperature and relative humidity are 648.7 kg, 15.5°C and 74.4%, respectively Both locations were carefully selected, ensuring that they contain abundant amounts of Brassica species (B. oleraceae and B. rapa) in the close vicinity. The third was the greenhouse application in order to prevent pollen dust from coming from outside. It was investigated whether the possible exchange of pollens between the rapeseeds planted here would have an effect on the changes in glycosinolate levels. The seeds were planted with four replications. The area of each plot was (5x2) 10 m 2 . However, plot size was determined as 5 m² under greenhouse conditions. Row spacing was 20 cm and each plot consisted of 10 rows.
At the end of three years (three generations), glycosinolate levels were determined in 72 samples taken from 3 different locations, 2 varieties and 4 replications using NIRS device. The obtained results were subjected to analysis of variance according to randomized complete block experimental design (Gomez and Gomez, 1984) .
RESULTS AND DISCUSSION
Glycosinolate levels were determined in rapeseeds produced in different generations varying between 11.90 and 18.88 µmole/g. Although, the differences were statistically not significant, glycosinolate levels in rapeseeds produced under greenhouse conditions were lower than those produced under Bafra and Samsun conditions. This suggests that a small amount of pollen from the environment might be mixed. This result is in line with those stated by Williams et al. (1986) and Biology Document BIO2007-0 (2012).
In the examinations in terms of generations, it was found that 14.03 µmole/g glycosinolate level in the 1st generation had a statistically significant increase in the 2nd generation and reached 15.96 µmole/g. However, the increase ceased in the next generations and determined as 15.86 µmole/g. Licrown variety (14.49 mmole/g) had a lower glycosinolate content as compared to that of the Bristol variety (16.08 mmole/g) This difference was also statistically significant (P<0.05) ( Table 1) .
The glycosinolate levels in the seeds of Licrown and Bristol varieties increased parallel to each other in the second generation. However, in the next generation, glycosinolate level slightly decreased in Licrown variety, whereas increasing trend continued in Bristol variety (Figure 1 ). This difference in the trends was possibly due to the different rates of outcrossing in the varieties.
Glycosinolate ratios were found to be acceptable when Licrown and Bristol varieties were left to open pollination for three years. According to Stewart (2002) , the pollination time of Brassica species is close to that of related species, which poses a risk of pollination with each other. However, it is clear that the probability of natural hybridization of B. napus (2n = 36 or 38) due to B. rapa (2n = 20), B. oleraceae (2n = 18) of different species and chromosome numbers is very low. 
Conclusion
This study was carried out based on the fact that synthetic varieties have been used unchanged for a couple of generations by some farmers. Glycosinolate levels in the seeds in the advanced generations showed a slight increase; however, did not reach a level in the 3rd generation that will threaten the animal health. Therefore, these synthetic varieties can be used for 2 to 3 years. However, the necessity of changing the seed every year in modern agriculture should not be overlooked.
